Objective. The excess cardiac risk, found in RA has been attributed to biological inflammation. Effective control of inflammation may be of benefit in reducing cardiovascular risk in RA patients. The aim of this study is to investigate the effects of 24 and 52 weeks of rituximab treatment on arterial stiffness and cardiovascular risk factors.
Introduction
There is substantial evidence of excess cardiovascular morbidity and mortality in patients with RA [12] . The reasons for accelerated atherosclerosis in RA are likely to be multifactorial. Studies of RA populations did not find that traditional cardiovascular risk factors by themselves were sufficient to explain the increased cardiovascular events seen in these patients [3, 4] .
Atherosclerosis is an inflammatory disease, and systemic inflammation plays a pivotal role in the increased incidence of cardiovascular disease in RA [4] . Systemic inflammation has been recently reported to be correlated with arterial stiffness [5] and was known to affect endothelial function by different mechanisms, including reduction in nitric oxide bioavailability, degradation of elastin on vascular wall and attenuation of the survival of endothelial progenitor cells [6] .
Arterial stiffness, a marker of the cardiovascular risk that can directly accelerate the atherosclerotic process and can predict the occurrence of cardiovascular events [7] , is increased in RA patients [8] and correlated to the importance of biological inflammation and structural damage [9, 10] . However, TNF-a inhibitors, which are known to reduce biologic inflammation after therapy, had conflicting effects on arterial stiffness in RA [8, 11] .
Rituximab, a chimeric anti-CD20 mAb, improves disease activity in RA patients who experience inadequate response or intolerance to TNF-a inhibitor treatment [12] . B cells have been reported to have a role in atherosclerosis with pro-atherogenic properties, and recently, in mice, B-cell depletion caused a significant reduction in atherosclerosis [13] . The present study aimed to assess the effects of 24 and 52 weeks of rituximab therapy in RA on arterial stiffness, a marker of subclinical atherosclerosis and lipid profile.
Patients and methods
RA patients who fulfilled the ACR 1987 revised criteria were eligible for enrolment. Those enrolled had more than two unsuccessful TNF-a blockade treatments or had contraindications to these treatments and persistent active RA [DASs according to levels of ESR (DAS-28 ESR ) and CRP (DAS-28 CRP ) were >3.2]. Patients were treated with rituximab according to medical practitioners' opinion. They received two i.v. infusions of rituximab (1000 mg each) and methylprednisolone (100 mg each) 2 weeks apart. At baseline and after 24 and then 52 weeks of treatment, clinical assessment, laboratory examinations and arterial stiffness were recorded. The study was approved by the local Research Ethics Committee of Gabriel Montpied Teaching Hospital and all subjects gave written informed consent.
Clinical assessment
Disease duration and medications were recorded. The number of tender joints (TJs) and swollen joints (SJs) was recorded for each patient. The global assessment score of disease activity and the level of pain were recorded by the patient using a 100-mm horizontal visual analogue scale (VAS). DAS-28 ESR and DAS-28 CRP were calculated at baseline, 6 and 12 months posttreatment.
Non-invasive vascular assessment

Augmentation index
The Sphygmocor apparatus (Atcor Medical, Sydney, Australia) was used to perform pulse wave analysis. Blood pressure was recorded in the supine position. Radial artery waveforms were recorded from the wrist of the dominant arm with a tonometer. The augmentation index (AIx), a measure of systemic arterial stiffness, was calculated by the integral software as the difference between the second and first systolic peaks, expressed as a percentage of the pulse pressure.
Pulse wave velocity
Pulse wave velocity (PWV) was measured along the descending thoracoabdominal aorta using the foot-to-foot velocity method. Briefly, waveforms were obtained transcutaneously over the common carotid artery and the right femoral artery; the time delay (t) was measured between the feet of the two waveforms. The distance (D) covered by the waves was assimilated to the distance measured between the two recording sites. PWV was calculated as PWV = D (metres)/t (seconds).
Laboratory examinations
In the morning, after an overnight fast, venous blood was sampled for the measurement of serum concentrations of CRP, ESR and lipid profile [total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol and triglycerides]. The atherogenic index (total cholesterol/HDL cholesterol) was then calculated.
Statistical analysis
Mean (S.D.) or median and interquartile range (IQR) for quantitative variables and number of patients (percentages within parentheses) for categorical variables were calculated. To compare the time course evolution (baseline, 6 months and 12 months) of different parameters, a repeated-measures analysis of variance (ANOVA) test was used followed by a TukeyKramer test to compare differences between and within groups. This analysis was completed by linear mixed models that allow consideration of random subject effects: random intercept and slope. When the normality of a parameter was not achieved using the ShapiroWilk test (ESR and CRP, for example), two options were considered: (i) log transformation was performed and previous models have been used or (ii) generalized linear mixed models were implemented for parameters that are not Gaussian distribution and not log-transformation normal distribution. The residual normality was checked for all models presented in this article. Power analyses have been conducted to see whether the sample size is sufficient to detect changes over time. A P < 0.05 (two-tailed) was considered statistically significant. Statistical analysis was performed using Stata software (version 10; Stata-Corp LP, College Station, TX, USA). Table 1 shows the baseline comorbidities, cardiovascular risk factors, demographic characteristics and concurrent medications of RA patients. Thirty-three patients, of whom 29 (87.9%) were females, with a mean age of 60.9 (12.0) years and long-standing disease of 17.6 (8.6) years were included (Table 1) . Thirty (90.9%) RA patients had positive RFs, 27 (81.8%) had positive anti-CCP antibody and 93.9% (n = 31) were erosive. Nineteen patients (57.6%) were non-responders to anti-TNF-a treatments and 13 had contraindications to these treatments.
Results
After rituximab treatment, no change was observed in PWV and AIx, neither after 6 nor after 12 months [PWV 8.1 (3.1) m/s at baseline, 8.1 (2.8) at 6 months, 8.0 (2.7) at 1 year, P = 0.924; and AIx 30.4 (8.2)% at baseline, 28.6 (7.6) at 6 months, 29.4 (6.7) at 1 year, Table 2) . A significant increase in concentrations of total cholesterol [4.9 (1.0) mmol/l at baseline, 5.6 (0.8) at 6 months, 5.5 (1.3) at 1 year, P < 0.001] and LDL cholesterol [2.7 (0.6) mmol/l at baseline, 3.0 (0.7) at 6 months, 3.1 (1.0) at 1 year, P = 0.029] were observed. We found an increase in the atherogenic index (total cholesterol/HDL cholesterol), but not to a level of significance [3.06 (0.79) at baseline, 3.29 (0.96) at 6 months, 3.37 (1.03) at 1 year, P = 0.517], but HDL and triglyceride levels were unchanged (Table 2) . No change was found in levels of blood pressure or BMI. DAS-28 ESR [5.7 (1.1) at baseline, 3.7 (1.6) at 6 months, 3.9 (1.1) at 1 year, P < 0.001] and DAS-28 CRP [5.4 (0.9) at baseline, 3.4 (1.3) at 6 months, 3.6 (1.2) at 1 year, P < 0.001] were significantly improved. After 6 months of rituximab treatment, 11 RA patients achieved both DAS-28 remission and a good European League Against Rheumatism (EULAR) response (11/33, 33.3%). Four more patients obtained a good EULAR response without DAS-28 remission. At 1 year of treatment, seven RA patients had DAS remission and a good EULAR response (7/27, 25.9%) and four more patients had only a good EULAR response. We found a significant decrease in parameters of biologic inflammation [ESR 36.8 (25.9) mm/h at baseline, 25.8 (16.8) at 6 months, 25.0 (15.6) at 1 year, P < 0.001; and CRP 23.4 (24.7) mg/l at baseline, 10.6 (11.9) at 6 months, 12.0 (12.3) at 1 year, P < 0.001] ( Table 2) .
No change was obtained in AIx or PWV after rituximab in RA patients achieving remission at 6 or 12 months (data not shown). No significant modification in lipid profile was found after rituximab treatment in subgroup analysis, i.e. in RA patients with DAS remission or not, those with good EULAR response or not and those with biologic inflammation or not (data not shown). www.rheumatology.oxfordjournals.org
Discussion
In this study we found that 6 and 12 months of rituximab treatment did not improve arterial stiffness. PWV, considered as the gold standard to measure arterial stiffness [7] , was not improved, nor AIx, a composite measurement of arterial stiffness and wave reflection that depends on the velocity of the pressure wave [7] . Studies assessing the effects of rituximab on subclinical atherosclerosis in RA are scarce. Endothelial function plays a key role in early atherosclerosis and contributes to the development of clinical features in the later stages of the vascular disease. In the study of Gonzalez-Juanatey et al. [14] , six consecutive RA patients (five women; age range 5579 years) with active disease refractory to TNF-a inhibitor therapy were treated by two infusions of rituximab 1000 mg each separated by 2 weeks. Kerekes et al. [15] assessed the effects of rituximab on flow-mediated dilation (FMD), a marker of endothelial dysfunction, in five female RA patients who received two infusions of 1000 mg rituximab. In the both studies, rituximab treatment resulted in a rapid improvement after 2 weeks of treatment, and the role of methylprednisolone administered with rituximab had been questioned in FMD [15] . However, a continuing improvement at 16 weeks in the five patients studied by Kerekes et al. and at 24 weeks in 5/6 patients studied by Gonzalez-Juanatey et al. should be considered as solely attributable to rituximab therapy [1416] .
The lack of improvement we observed in arterial stiffness in 33 RA patients after 6 months of rituximab treatment is inconsistent with the improvement in endothelial function reported in these two previous studies that involved a smaller number of patients. The absence of significant improvement in arterial stiffness after 6 months of rituximab could be explained by the longer time needed for the treatment to be effective. Rituximab is not an anti-cytokine therapy and onset of its action is slower than that of anti-TNF treatment. Indeed, B-cell depletion during rituximab therapy is not always fully complete and requires about 12 weeks [17] . This could explain why, after 6 months of treatment, anti-TNF therapy, but not rituximab, could bring about an improvement in arterial stiffness [8] . However, after 1 year of treatment, there was still no change in arterial stiffness.
The lack of improvement in arterial stiffness does not necessarily mean that rituximab has no beneficial effect on cardiovascular risk. TNF-a blockade treatment was not consistently observed to improve arterial stiffness in all studies. However, it was recently reported to decrease cardiovascular mortality in RA patients [18] .
The effect of rituximab on lipid profile in the present study is pro-atherogenic. This deleterious effect has already been reported after TNF-a inhibitors in RA, but results are conflicting.
A possible limitation of our study was that we did not measure the lipoproteins and apolipoproteins, which provide a better assessment of cardiovascular risk [19] . However, guideline groups previously recommended a cholesterol-based approach and excluded apolipoproteins from routine clinical use. The number of included patients in our study may seem insufficient, but power analyses conducted to see whether the sample size was sufficient to detect changes over time showed that considering the observed decreased in ESR after 12 months of treatment and an intra-class correlation coefficient (ICC) from 0.58, the power of our study was >95%. For CRP, the power was near 85% (ICC = 0.19). Another limitation is the lack of a control group, which makes the evaluation of the time needed to assess any change in stiffness status more difficult. However, according to the medical literature, 6 months of follow-up are enough to demonstrate a relevant change of arterial stiffness [8] .
In this study, arterial stiffness was not improved after 6 and 12 months of rituximab therapy. The treatment had a beneficial effect on biologic inflammation and disease activity, but caused a pro-atherogenic lipid profile. The management of dyslipidaemia is necessary in RA, as recommended by the EULAR. In patients treated by rituximab with dyslipidaemia, the treatment of choice should be dietary advice followed by fibrates rather than statins that could decrease the efficacy of rituximab in RA [20] .
Rheumatology key messages
. Rituximab does not improve arterial stiffness after 6 or 12 months of treatment. . Rituximab decreases systemic inflammation and disease activity, but causes a pro-atherogenic lipid profile.
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